Objective: The purpose of this study was to investigate the diagnostic value of mean platelet volume (MPV) in acute appendicitis (AA). Methods: Our study was carried out in 206 healthy control groups and 226 patients who had a preliminary diagnosis of AA. Results: A statistically significant decrease in MPV was noted in patients with AA compared with healthy controls (P < .001). The best MPV level cutoff point for AA was 7.6 fL, with a sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of 73%, 84%, 84%, and 74%, respectively. Conclusions: As the MPV value is included in the complete blood count (CBC) analysis, it increases the sensitivity and NPVs of white blood cell (WBC) in AA diagnosis without the need for extra analyses, loss of time, or cost increase. Therefore, we believe that the MPV value should also be taken into consideration along with the WBC in every patient with suspected AA.
Introduction
The treatment of acute appendicitis (AA), the most common disease requiring emergency surgical intervention, is well established, but the diagnosis of the disease in an emergency setting still presents some challenges. 1 The clinical diagnosis is often difficult even for experienced surgeons, as evidenced by the high rate of negative explorations, which commonly reaches 20% to 30%. 2, 3 A delay in diagnosis of AA is associated with increased risk of perforation and further complications. Many attempts have been made to determine ways of decreasing the negative laparotomy rate after a clinical suspicion of AA. However, despite complete clinical history, physical examination, and the usual laboratory studies, clear decision aids for the detection of early AA are lacking. 4 Imaging techniques such as ultrasound (US), computerized tomography (CT), and diagnostic laparoscopy have been used with the hope of yielding a rapid and accurate diagnosis. 5 Therefore, easily applicable, cheap, and time-saving new laboratory methods that can be implemented anywhere are necessary for the diagnosis of AA.
Changes in mean platelet volume (MPV) may be a marker of platelet production as well as an indicator of changes in the severity of several disease states such as sepsis, thrombosis, or even respiratory distress syndrome. 6 Mean platelet volume has been studied as a simple inflammatory marker in several diseases and decreased MPV has been reported in patients with ulcerative colitis, rheumatoid arthritis, and ankylosing spondylitis. 7, 8 Mean platelet volume included in the complete blood count (CBC) tests, which is a routine examination for AA diagnosis, has not yet been investigated with regard to AA. The purpose of this study was to investigate the diagnostic value of MPV in AA. Hospital in Turkey with acute abdominal pain complaints, who were pathologically diagnosed with AA after laparoscopy, and who agreed to participate in the study. The healthy control group was selected from healthy persons who came to the hospital without any complaints, just for purposes of a checkup in the Internal and Infection Diseases Clinics, and who did not conform to the exclusion criteria. Full blood counts were performed in patients with a history of periumbilical or right lower quadrant pain; nausea, vomiting, or anorexia; fever; abdominal examination findings; and/or based on the general clinical intuition of the physician. All the patients were operated on for appendicitis on the basis of the history, physical findings, and relevant clinical data. Postoperatively, the removed appendix was sent for histopathological examination. Histologically, the appendices were categorized as (1) acute uncomplicated appendicitis (AUA; n ¼ 156), inflammatory infiltrate of the muscularis without peritonitis and (2) acute complicated appendicitis (ACA; n ¼70), necrosis, perforation, or plastron. Cases whose histopathology was not appendicitis were excluded from the study. The exclusion criteria for entry into the study were heart failure, peripheral vascular disease, hematological disorders, acute or chronic infection, cancer, and hepatic diseases. None of the patients had received anticoagulant medications, nonsteroidal anti-inflammatory drugs (NSAIDs), or oral contraceptives.
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Blood samples were obtained from the patients on admission to the hospital. A review of their preoperative white cell count (WCC), MPV levels, and percentage of neutrophil count (NC) was performed. The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of these tests were calculated. All laboratory analyses were performed in the hematology laboratory of our hospital. Complete blood count analyses were performed within 2 hours after collection using the Beckman Coulter analyzer (Bayer Healthcare LLC, Diagnostic Division, Tarrytown, New York). Normal values for white blood cells (WBCs), NC, and MPV were determined based on published reference ranges from the hospital's hematology laboratory.
The Statistical Package for Social Sciences (SPSS) 16.0 for windows was used to analyze the data. All data were analyzed in terms of mean + standard deviation (SD). For continuous variables, the independent samples test was used to analyze the variance among groups. Receiver operating characteristic (ROC) curve analysis was used to identify optimal cutoff values of MPV. Sensitivity, specificity, PPV, and NPV were calculated according to standard methods. P values below .05 were considered statistically significant.
Results
The demographic and clinical characteristics of patients and controls are shown in Table 1 . Age and gender were similar in both groups. The distributions of the results identified during the operations and the histopathological results are given in Table 2 . The CBC results for the patients and the control groups are displayed graphically in Figures 1 to 3 and analyzed in Table 3 . Mean platelet volume was determined as low in 148 (65.5%) of the 226 patients with AA and in 25 (12.1%) of the 206 healthy control group participants. A statistically significant decrease in MPV was noted in patients with AA compared with healthy controls (7.25 + 0.85 vs 9.01 + 1.33 fL, P < .001; Table 2 ). In addition, a statistically significant increase in WBC and NC was noted in patients with AA compared with healthy controls (Table 3) . No significant differences in thrombocyte counts between groups were encountered ( Table 3 ).
The WBCs of 53 (23.5%) of the patients with AA were within normal limits while 173 (76.5%) had high WBC levels. However, the number of patients with AA with normal MPV was found to be 78 (34.5%). The number of those with normal WBC and MPV, despite having AA, was 18 (8%). The number of those with normal MPV but high WBC was 60 (26.5%) and with normal WBC and low MPV was 35 (15.5%). Only 3 (1.5%) had normal WBC or MPV but high neutrophil rates.
The patients were further separated into 2 groups according to how soon after the onset of symptoms they were admitted to the hospital, within the first 24 hours and after 24 hours, and evaluated accordingly. Ninety-eight (43.4%) of the patients with AA presented within the first 24 hours after the onset of symptoms and 128 (66.6%) after 24 hours. There was no difference in the WBC between those who presented within the first 24 hours after the onset of symptoms and those that came in later (respectively, 13.94 + 4.23 [Â10 9 /L], 13.79 + 4.29 [Â10 9 /L]; P ¼ .793). The average MPV of the patients with AA, who presented at the hospital within the first 24 hours after the onset of symptoms was 7.52 + 0.74 fL and that of those who presented after 24 hours was 7.05 + 0.92 fL. There was a marked statistical difference between hospital presentation times and MPV (P < .001).
While there was a statistical difference between ACA and AUA regarding the WBC (respectively, 13.22 + 3.94 [Â10 9 /L], 15.26 + 4.62 [Â10 9 /L]; P ¼ .001) and NC (respectively, 75.00 + 12.13, 78.95 + 10.35; P ¼ .019), no difference was detected with MPV (7.24 + 0.80 vs 7.28 + 0.97 fL, P ¼ .710).
The respective sensitivities of MPV for 7.4 fL, WBC for 10.4 Â 10 9 /L, and NC for 7.4 Â 10 9 /L in patients with AA were found to be 65.5%, 76.5%, and 68.6%; the specificities were 87.9%, 90.8%, and 86.4%; the PPVs were 85.5%, 90.1%, and 84.7%; and the NPVs 69.9%, 77.9%, and 71.5%, respectively. Furthermore, when the patients with AA were evaluated according to combined MPV and WBCs, if at least one of them was pathological (MPV below normal limits and/or WBC above normal limits), the sensitivity would be 92.0%, specificity 79.6%, PPV 83.2%, and NPV 90.1%.
Receiver operating characteristic (ROC) curve analysis suggested that the best MPV level cutoff points for AA was 7.6 fL, with a sensitivity, specificity, PPV, and NPV of 73%, 84%, 84%, and 74%, respectively (area under curve [AUC]: 0.863; Figure 4 ).
Discussion
This study of AA compared clinical examination, WBC, NC, and MPV. To our knowledge, there are no studies in the literature evaluating the association between MPV and AA. Mean platelet volume is readily measured by clinical hematology analyzers and is a marker of platelet function and activation. A significantly higher MPV has been reported in patients with chronic obstructive pulmonary disease, myocardial infarction, diabetes, and stay at high altitude and MPV is also influenced by inflammation. 7, 9, 13, 14, 15 Mean platelet volume decreases in active rheumatological diseases including rheumatoid arthritis and ankylosing spondylitis. 8 however, they were significantly lower during attacks. 17 Moreover, it has been claimed that MPV falls as the level of morbidity increases. In the same study, it was proposed that a rise in the levels of some cytokines during FMF attacks may cause a decrease in MPV. 17 In addition, the proinflammatory activities of the thrombocytes are maintained by using the bioactive molecules stored in their alpha and dense granules. 16, 18 After activation, these molecules are rapidly secreted. However, the exact organelle activity that controls the thrombocyte volume has not yet been clearly identified. 16 Danese et al speculated that the reduced MPV could be due to the consumption or sequestration of the large activated platelets in the intestinal vasculature. 18 In our study, we demonstrated that MPV levels decrease in AA. The reason for the reduced MPV in AA is unclear. To the best of our knowledge, there are no studies in the English literature regarding MPV in AA diagnosis, and thus, the pathogenesis of low MPV is not known. However, we also think that the low MPV in AA can be explained by a mechanism similar to the mechanism claimed by Danese et al. 18 Although the PLT count in patients with AA was not different from the healthy control group, we found that MPV was significantly reduced in our study. The patients were evaluated in 2 groups, those who presented to the hospital within the first 24 hours after the onset of the symptoms and those who came in after the initial 24 hours, and while a definite statistical difference between presentation time and MPV was observed, no difference was determined with WBC and NC. Mean platelet volume was significantly lower in those patients who came to the hospital later than the first 24 hours. As a result, the value of MPV in diagnosis is higher in those who present later than 24 hours after symptom onset. This may be due to the platelets having a longer half-life than the WBCs.
When the patients were evaluated as ACA and AUA, while there was a statistical difference in WBC and NC between the groups, no such difference was observed for MPV. White blood cell count and NC rate were higher and MPV lower in the patients with AA compared to the control group. In various studies, WBC sensitivity has been recorded as 85.8%, 97.8%, 67%, and 76%; specificity as 31.9%, 55.6%, 80%, and 56%; and PPV as 89.2% in AA diagnosis. 3, [19] [20] [21] Neutrophil count sensitivity has been reported as 87.2% and 98.9%; specificity as 33.1% and 38.9%; and PPV as 89.2%. 3, 19 In our study, we found the sensitivity of WBC and NC to be 76.5% and 68.6%; specificity 90.8% and 86.4%; PPV 90.1% and 84.7%; and NPV 77.9% and 71.5%, respectively. Our results were consistent with the literature, except for the NC specificity. The high result we have observed for NC specificity may be due to the wide range (41%-73%) assigned to NC by our equipment carrying out the CBC analysis. As there are no studies in the literature on the sensitivity or the place of MPV in diagnosis, we could not compare our MPV results with the literature. In our study, we have observed that MPV was significantly lower in patients with AA in comparison with the control group. We have determined the optimal cutoff value as 7.6 fL for the diagnosis of AA. The optimum MPV level cutoff point for AA was 7.6 fL, with a sensitivity, specificity, PPV, and NPV of 73%, 84%, 84%, and 74% respectively. When the cutoff value is defined as 7.6 fL, the sensitivity, specificity, PPV, and NPV values are quite similar to the published WBC values in the diagnosis of AA. 3, [19] [20] [21] Clinically, WBC count and NC rate is checked in every patient with suspected AA. As we have shown in our study, detection of low MPV in patients clinically suspected of having AA strengthens the diagnosis. As no analysis other than the routinely carried out CBC is necessary for MPV evaluation, there is no waste of time or extra cost involved. Therefore, we believe that MPV evaluation should be carried out in patients with suspected AA. However, we must point out that the small patient number of 226 for an illness as common as AA, having been designed retrospectively, and the exclusion of patients with prediagnosis of AA who underwent laparotomy but were found not to have AA are the major limiting factors of our study. Therefore, we believe that prospective studies carried out in view of these deficiencies will lead to a better understanding of the importance of MPV in AA diagnosis and will support the results of our study.
Conclusions
The WCC, NC, and MPV are more effective in supporting a clinical diagnosis of AA in patients with typical clinical features. As the MPV value is included in the CBC analysis, it increases the sensitivity and NPVs of WBC in AA diagnosis without the need for extra analyses, loss of time, or cost increase. When the cutoff value for MPV is taken as 7.6 fL, MPV has high sensitivity, PPV, and NPV values in the diagnosis of AA. The diagnostic value of MPV increases especially in patients who present more than 24 hours after the onset of symptoms. Therefore, we believe that the MPV value should also be taken into consideration along with the WBC in every patient with suspected AA.
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